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Abstract Geometry and Mass Parachute
Analysis is performed for the return of biological samples flown in * Configuration: Service module (entry insertion, on-orbit * Constraints: N . < 20g’s, V., 4 < 8.8m/s, transonic stabilization
space. Vehicle geometry is a 45° sphere-cone forebody. Spin maintenance), entry vehicle (payload and support) * Drogue: 0.5 m? Ringslot, mortar deployed at M = 1.5
stabilization is used to maintain passive stability and is supported by * Geometry: 45° sphere cone forbody, truncated cone aftbody * Main: 9 m? Rir.lgsail, pilot de}aloyed eilfter 10min (M=0.12)
a drogue chute in the transonic regime. On-orbit maintenance and * Nose radius: 0.1m, max diameter: 0.48m * Results: Inflation load = 14¢g’s, Landing velocity = 7.9m/s R:C.ifs”
entry insertion is performed by a service module. The vehicle will * Mass: 26.5kg, payload: 2kg, TPS: 11.5kg, decelerators: 5.5kg
land in the Utah Test and Training Range and be collected via * Payload: Sample carrier based on ESA EXPOSE module - Guide Ribbon Rineslot Ri 1 / \
helicopter to ensure rapid recovery of samples. The biological ) eeniyenee ‘ e A Surface 00 hingsiot Ringsal .
payloads placed restrictions of a maximum g-load of prolonged 16 ‘) g cove ‘ Optcal e - - VI | atean | D':f;uoet
g’'s and 20 g shock load. The trajectory was simulated as 3 DOF \ A Delinnsuate el samele Carer - m ¥
planar motion with landing dispersions being investigated through a N/ puminn sheet e KT =
Monte Carlo simulation. A pilot ringslot parachute provides initial N et e B L
deceleration and transonic stability and a main ringsail limits the e C, 0.32 0.52 0.60 0.80
final velocity. A hemispherical, vented airbag is used upon impact to | Average 5o 5o 30 7o
meet g-loading requirements. SIRCA and Delrin compose the venting holes Oscillation é
forebody TPS material and Li-900 is used for the backshell.
Trajectory Airha
Introduction * Entry conditions: V = 7.8km/s, y = -4° (for both ISS and free-flyer) | 5 | | | | |
* Mission concept: small reentry system for recovery of biological ) Simulation.: 3DOF p.lanar ]_EOM using us StaggdiigdftmoSphfghfpim”sVem . Pgs;gn: Hg.mlsliher-lcal vented airbag for off—veritlscal l_andmg
samples flown in space « MER Trajectory dispersion analysis | . | n - in 1'511\/[ Lus, pSll(g)dpfelszu’re, vents OIl)erSI at k. _Pf)lg{i)
» Free-flyer and ISS capable vehicle (30), UTTR nominal wind N SSUTLS: AR I 04 = 196 S (pomlna ), Stroke = 0.34m
| | | e Landing ellipse: 106 x 46 km * Load < 20¢g’s for terminal velocity < 8.8m/s
* Heritage designs: Stardust, Mars Microprobe, SPORE (within UTTR) ;‘ ; |
* Design constraints: Parameter Limit » Biggest effects: wind (under il i 4
« Strict constraints to allow Shock g-load 20 g's parachute) and y Sl '
for widest possib]e range Sustained g-lOad 16 g,S for 20s  Maximum deceleration: 6.6g,S ) °
of biological samples Payload Temperature 25 °C * Peak heating: 403 W/cm? Y E U
Recovery Time <6 hr s vty () :
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Concept of Operations

* Stowed in unpressurized trunk of SpaceX Dragon

* Configurable for attachment to ISS or as stand alone free-flyer Thermal Protection System Conclusion
* Landing site: Utah Test and Training Range
* Large, flat area to target with high-precision tracking

 Temperature constraints: * Vehicle design for reentry of a wide range of biological samples

» Fast helicopter recovery to minimize sample spoilage * Payload: Expose (T<53°C), General biological sample (T<25°C) * Ana.lyzed: Mission, Lar;ldlng S}t% Geometry, Mass, Subsystems,
R R  Bondline: TPS (T<250°C), Insulator (T<150°C) Trajectory, TP_S, Parac }lte, Airbag
— G De-orbit e Simulation: 1D heat conduction w/ surface heat flux balance and * Max deceleration = 16g’s, Max sample temperature =25°C
Burn coupled ablation modeling * Landing at UTTR: tracking capability, quick recovery
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* TPS Sizing: 3cm SIRCA and 3cm Delrin on forebody, 2.4cm LI-900

on backshell (includes 25% margin)
* SIRCA tested to 500 W/cm?, but suggested for below 150 W/cm?
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_i M=21.5 Alte = 6km ﬁ o (unmargined) Forebody Backshell
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| t=4.8 min, Drogue deploy Q PICA Thickness 8.18 cm

I =1. = 1 .

; M=1.5 Alt=26km PICA Recession 4.08 cm

i t=14.9 min, Main deploy . :

i M=0.12 Alt=3.1km SIRCA Thickness 2.41 cm 7.63 cm

' Launch t=19 min, Heatshield jettison |} SIRCA Recession 0.13 cm 0.00 cm

' aboard M=0.03 Alt=2 km ) :

o \ ) Li-900 Thickness 1.89 cm
- DI:'a on t=27 min, Airbag deploy and . _ _

PoTAE touchdown y Peak Stagnation Heating 357 W/cm? 11 W/cm?

>
Time Peak Stagnatlon Pressure 0.86 atm Images: spacex.com, goldbergauctions.com, deist.com, globalspec.com, NASA.gov, Parachute Design Guide




